near-Earth solar wind during 1996-2002, corresponding to t h e increasing a n d maximum phases of solar cycle 23. In particular, we give a detailed list of such events. This list, based on in-situ observations, is not confined to s u b s e t s of ICMEs, such as "magnetic clouds" or those preceded by 'halo' C M E s observed by t h e SOHO/LASCO coronagraph, a n d provides a n overview of 214 ICMEs in t h e near-Earth solar wind during this period. T h e I C M E r a t e increases by a b o u t a n order of magnitude from solar minimum to solar maximum (when t h e rate is N 3 ICMEs/solar rotation period). T h e r a t e also shows a temporary reduction during 1999, a n d another brief, deeper reduction in late 2000-early 2001, which only approximately track variations in t h e solar 10 cm flux. I n addition, there a r e occasional periods of several rotations duration when t h e I C M E r a t e is enhanced in association with high solar activity levels. We find a n indication of a periodic variation in t h e I C h l E rate, with a prominent period of w 165 days similar to t h a t previously reported in various solar phenomena. It is found t h a t t h e fraction of ICh'IEs t h a t are magnetic clouds has a solar cycle variation, the fraction being larger near solar minimum. For t h e subset of events t h a t we could associate with a C M E at t h e Sun, t h e transit speeds from the S u n to t h e E a r t h were highest after solar maximum.
Introduction
Material in the solar wind now believed to be the interplanetary counterparts of coronal mass ejections (ChIEs) at the Sun has been identified since the early years of solar wind observations. By the early 1980s: most of the characteristic signatures of such material, which we here term "interplanetary coronal mass ejections" (ICMEs) had been identified, as reviewed by Gosling (19901 and Neugebauer and Goldstein [1997] . (Older terms used for ICMEs include "driver gas" and "ejecta" ). Combined in-situ measurements by the Helios spacecraft off the limbs of the Sun and observations by the Solwind coronagraph demonstrated the clear association between CMEs at the Sun and shocks and ICMEs subsequently detected in the interplanetary medium [Sheeley et al., 19851 . Solar wind plasma signatures of ICMEs include abnormally low proton temperatures [e.g., Gosling et al., 1973; Richardson and Cane, 19951 , low electron temperatures [e.g., Montgomery et al., 19741 , and bidirectional suprathermal electron strahls [e.g., Zwickl et al., 1983; Gosling et al., 19871 0148-0227/03/$9.00 berg et al., 1972; Borrini et al., 19821 and occasional enhancements in minor ions (in particular iron) [Bame et al., 1979; Mitchell et al., 1983; Zpavich et al., 19861 . Enhanced Fe charge states have also been reported [Bame et al., 1979; Fenimore, 1980; Ipavich et al. 1986 ; Lepri et al., 20011. Such enrichments suggest that the plasma inside ICklEs originates in the low corona. Energetic particle signatures include bi-directional energetic protons [e.g., Palmer et al., 1978; Marsden et al., 1987; Richardson and Reames, 19931 and cosmic rays [Richardson et al., 20001 , energetic particle intensity depressions (Forbush Decreases) [e.g., Morrison, 1956; Barnden, 1972; Cane et al., 19943 and unusual solar energetic particle (SEP) flow directions [ Richardson et al., 1991; Richardson and Cane, 19961 . The bi-directional particle flows (suprathermal electron strahls and energetic particles), unusual solar particle event flows, and energetic particle intensity depressions are consistent with the presence within many ICMEs of regions of looped magnetic field lines rooted at the Sun at both ends.
A subset of ICbIEs have simple flux-rope like magnetic fields characterized by enhanced magnetic fields that rotate slowly through a large angle. Such "magnetic clouds" [Burlaga et al., 1981; Klein and Burlaga, 19821 have received considerable attention because the magnetic field configuration is amenable to simple modeling [e.g., Lepping et al., 1990; Osherovich and Burlaga, 1997? and references therein] , and may be consistent with helical structures occasionally present in coronagraph observations of ChlEs [e.g., Dere et al., 19991 . Magnetic clouds are also responsible for some major geomagnetic storms [e.g., Webb et al., 20001. As has been noted by many authors however, [e.g., Zwickl et al., 1983; Crooker et al. 1990 ; Cane, 1993, 1995; Neugebauer and Goldstein, 19971 , individual signatures may not be detected in all IChlEs, either because they are not present, or as a result of instrumental limitations or data gaps. Some signatures have been reported relatively infrequently. For example, Zwickl et al. [1982] found only three distinct He' events in 8 years of IMP 7 and 8 and ISEE 1 and 3 observations. Others, such as proton temperature depressions, are generally present [e.g., Richardson and Cane, 19951 . Furthermore, even if several signatures are present in an ICME, they do not necessarily coincide exactly. Hence, to make a comprehensive identification of ICMEs, observations of as many signatures as possible should be considered. Those signatures that are most frequently present are of particular value.
Our own interest in ICMEs lies in several areas. One is their effects on energetic particles. Our studies suggest that these effects generally do not depend strongly on the nature of the in-situ signatures. This is not too surprising since presumably it is the large scale topology of the ICME field lines (i.e., whether they are predominantly closed) that is important in modulating the particle intensity, not the magnetic fields that are observed along the particular trajectory of a spacecraft through the IChlE. Another of our interests is the contribution of ICMEs to geomagnetic activity, both storms and long-term averages [e.g., Cane et al., 2000; Richardson et al., 2001a, 20021 . Hence, as a contribution to such studies, we have maintained a list of ICMEs a t Earth which extends back to the earliest in-situ observations. This is relatively comprehensive because our interest is not limited to a sub-set of events with particular signatures. This list has evolved and expanded with our various studies related t o ICMEs in the inner heliosphere, many of which are referenced in this paper. These studies also illustrate many examples of ICMEs which help to demonstrate the wide event-to-event diversity in the various ICME signatures and their inter-relationships. In this paper, we concentrate on events in 1996-2002, during the increasing phase and maximum of solar cycle 23. During the current solar cycle, coronal mass ejections a t the Sun have been regularly monitored by the S O H 0 spacecraft since its launch in December 1995. The Large Angle Spectrometric Coronagraph (LASCO) [ Btlleclnzer et al. 19951 is more sensitive to structures moving out of the plane of the sky than previous coronagraphs and has observed a significant number of CMEs which surround the Sun (angular extents of 360") that may be directed approximately along the Sun-Earth line (similar events originating on the backside of the Sun and moving away from Earth are also seen). Various studies have linked apparently Earthward-directed CMEs with in-situ observations of ICMEs a t 1 AU, focusing, for example, on their geomagnetic effects or transit times [e.g., Webb et al., 2000; Cane et al., 1998a Cane et al., , 2000 Gopalswamy et al., 2000 Gopalswamy et al., , 2001 Wang et al., 20021 . However, such studies have not attempted to provide a comprehensive survey of ICMEs in the vicinity of Earth, starting from the in-situ observations, which is the purpose of the present paper.
The List
The principle data sets we routinely use for the identification of potential ICMEs are solar wind plasma and magnetic field observations. A major reason is that such data are readily available since the beginning of the space era.
Since it appears to be a common feature of most ICMEs [e.g., Richardson and Cane, 1993, 19951 , one of our primary identifying signatures is the occurrence of abnormally low proton temperatures. To identify such plasma, we use the method of Richardson and Cane [1993, 19951 which compares, point by point, the observed proton temperature (Tp) with the "expected" temperature (Tes) appropriate for "normally-expanding" solar wind with the observed solar wind speed (Vsw). The expected temperature is essentially the typical temperature found in normal solar wind with speed V,,, and is inferred using the well-established correlation between the solar wind speed and Tp [e.g., Burlaga and Ogilvie, 1973; Lopez, 19871 which however may be slightly instrument-dependent (see the discussion in Neugebauer et al. [2002] ). We find that many ICMEs are characterized by Tp/Tel < 0.5 [e.g., Richardson and Cane, 19951. Having identified periods of interest based on Tp, we typically examine magnetic field observations during these periods, ideally at a time resolution of 5 minutes or less. Frequently in ICMEs, the field is directed far from the Parker spiral in azimuth, or has large out-of-the-ecliptic components. A useful characteristic is a reduction in the level of field fluctuations which can be identified by eye in data with this time resolution. In some cases, a clear magnetic cloud signature is present. In other ICMEs, there is often evidence of an organized field rotation, but the signature does not conform to the strict cloud definition of Burlaga et al. [1981] and Klein and Bvrlaga [1982] . Alternatively, there may be no distinct rotation, two extremes being a magnetic field that is relatively constant in direction and one that includes many discontinuities in direction which may be related to internal structure. In summary, most often, a likely ICME interval can be inferred from reduced fluctuations and some degree of organization in the magnetic field: and is bounded by distinct magnetic field discontinuities which may be accompanied by abrupt changes in plasma parameters. Typically, this interval corresponds reasonably well with the Tp depression, though in some ICIblEs they may differ significantly. There are also occasional ICMEs (based on other the presence of other ICME signatures) that d o not have well characterized field signatures. One other point to note is that although ICMEs can include strong magnetic fields, such fields are not characteristic of all ICMEs.
We also consider additional complementary signatures that may be indicative of the presence of ICblEs. One is the occurrence of interplanetary shocks. Fast ICMEs may generate shocks ahead of them, so that an ICME is often located a few hours following passage of a shock. Note however, that an ICME is not present following every shock because the flanks of a shock extend well beyond the associated ICME [e.g., Borrini et al., 1982; Cane, 1988; Richardson and Cane, 19931 . If the ICME is not sufficiently fast to generate a shock, there is sometimes evidence of an upstream wavelike disturbance that has not steepened into a shock. In other cases, if the ICME is convected out with the ambient solar wind, there may be no clear upstream feature. In addition to examining the solar wind data for evidence of shocks, and referring to available lists of shocks?
we refer to reports of geomagnetic storm sudden commencements (SCs), which are generally (but not always) associated with shocks passing the Earth (although almost all stronger shocks are accompanied by SCs the exceptions being when the geomagnetic field is already disturbed). Such reports are particularly helpful when no in-situ solar wind observations are available, though this is not a concern during the period considered in this paper.
We routinely compare the solar wind observations with simultaneous energetic (-1 -220 MeV) particle observations from the Goddard Medium Energy (GME) experiment on IMP 8 (McGzlire et al., 19861 and higher e n e r a (GeV) cosmic ray observations from neutron monitors. Solar energetic particle (SEP) events can help to relate shocks and IChIEs with specific solar events occuring -, 2 days earlier via their intensity-time profiles. An abrupt SEP intensity decrease a few hours following a shock usually indicates entry into the ICME, because the shock-accelerated ions have difficulty entering the closed field lines of the ICME. An abrupt decrease in the galactic cosmic ray intensity may also occur at this time. When combined with the preceding decrease that often occurs a t shock passage, this produces the classic "two-step" cosmic ray Forbush decrease [Cane, 2000, and references therein]. The IMP 8 GME anti-coincidence guard is a useful cosmic ray monitor for this purpose, provided that the background from solar particle events is not too high [e.g., Cane et al., 1994 . The rigidity response is also lower than that of neutron monitors which means that a larger counting rate depression will be seen in response to an ICME since the depression size decreases with increasing rigidity. In general, arrival of an ICME at Earth produces some detectable decrease in the cosmic ray intensity measured by IMP 8, followed by a recovery after the ICME has passed by. With familiarity with the data, ICME-related depressions can frequently be identified even without first referring to the solar wind parameters. However, the particle signatures can also be more subtle, and merely add to the evidence of the presence of an ICME.
Although energetic particle observations play a supporting role to plasma and magnetic field observations when such observations are continuously available (as in cycle 23), they are useful in assessing the presence of solar wind structures when solar wind data are intermittent or non-existent such as in the early space era and in cycle 22 [..E., Cane et al., 19961 . The IMP 8 GME also provides information on the presence of bi-directional energetic particle flows, which can be indicative of ICbfEs, provided that the particle intensity is sufficiently high and the spacecraft is located in the solar wind {e.g., Richardson et al., 2001b , and references therein].
One of the most widely used signatures in ICME identification is the presence of bi-directional solar wind electron strahls (RDEs). Although many researchers regarti this as the most reliable signature, and indeed some studies identi& ICMEs largely on this signature, we do not use BDEs as the primary signature. One reason, more relevant for our Iongerterm studies, is that BDE observations are only available for relatively limited intervals since in-situ solar wind observations began. Another reason is that BDEs are known to be absent in some regions of ICMEs, apparently where ICME magnetic field lines have reconnected with the ambient SOlar wind, removing the heat flux in one direction [Gosling et al., 19951 . In some of our previous studies, we noted that occasionally, BDEs are detected that d o not appear to be aysociated with ICMEs, or may extend beyond ICME regions that are distinguished in other data [e.g., Richardson and Cane, 1993) . Observations from the ACE spacecraft Godzng et a!.
[ZOOl] also suggest that electron distributions may be complicated by counterstreaming set up by mirroring a t magnetic field enhancements. It would have been interesting to compare our ICME identifications with intervals of BDEs but unfortunately there is no list of BDEs in the public domain for most of the period of our study a t t,he time of writing.
In The estimated event boundaries given in this paper are therefore inferred from a consensus of the available signatures with an emphasis on those in the solar wind plasma and magnetic field. Typically these boundaries can be associated with distinct plasma/magnetic field discontinuities.
In other cases, the boundaries are less pronounced, b t~t can be identified to within a relatively short period.
The probable ICklEs that we have identified are listed in Table 1 In some cases when an SC did not occur the disturbance time is the time of shock passage at the ACE spacecraft, denoted by (A) (ACE shocks confirmed from the website http://www.bartol.udel.edu/ -chuck/ace/ACElists/obsJist.htmI),
The second and third columns give the estimated start and end times of the ICME, while the following column indicates the quality of the estimated boundary times (1 = most accorate; 3 = ill-defined; note that this parameter does not necessarily reflect the confidence of the iCME identification). The sixth and seventh columns give the mean speed of the ICklE and the maximum speed in the post-disturbance region, which may occur either in the "sheath" ahead of the ICbIE or in the ICME itself. The next column gives the mean field strength in the ICbiE. In the following column, "2" indicates whether the ICME has been reported &s a magnetic cloud which can be modeled by a force-free flux-rope (at http://~epmfi.gsfc.nasa,gov/mfi/mag-clo~~d-p~~bl.html; for recent events since May 2002, not covered by this magnetic cloud Iist, we have assessed whether the ICME is likely to meet the criteria for a magnetic cloud). If a more subjective assessment suggests evidence of a relatively organized field rotation within the ICRIIE, but a magnetic cloud has not been reported, a "I" is indicated. A "0" indicates that the field shows little evidence of rotation. The third last column gives the minimum value of the geomagnetic Dst index (stronger activity is denoted by an increasingly negative value). The disturbance transit speed to 1 AU is indicated in the next column for those events where the associat,ed CME observed by LASCO ca.n be identified. The time of first observation of this ChIE in the LASCO C2 coronagraph is indicated in the last column. An "H" following the date indicates that the coronagraph signature encircled the Sun (Le., had an angular extent of 360'. commonly called a 'full halo' event). When making these associations: we have only considered CMEs with angular extents of at least 100". For almost all of the energetic events, the CME association is easily made because the shock driven by a fast ICME continuously accelerates energetic particles which directly link the passage of the shock a t the Earth to the time of a specific CME at the Sun. For a variety of reasons, no ChIE is indicated for many of the ICblEs. One reason is that there are no LASCO observations around the time when the associated ChlE might have occurred, indicated by "dg" (data gap). In addition to the extended suspension of SOH0 operations in June-October 1998, there are shorter interruptions to LASCO observations, often of several days duration, that are noted in the preliminary lists of LASCO CMEs. Where there is a LASCO data gap but the associated solar event is clearly identifiable from other data, the time is indicated in brackets. There are other cases where LASCO observations are available but show no evidence of a large CME during the several days prior to arrival of the ICME a t Earth, such as for the June 19, 1997 event discussed by Rzchardson et al. [1999] . It is likely that such ICMEs are associated with Earthward-directed CMEs that are not sufficiently dense to be detectable by LASCO. In other cases, one or more wide ChiEs may be reported in this time range, but examination of the related solar activity as observed for example by EIT suggests that these CMEs originated near the sclar limbs or from the backside of the Sun and were unlikely to give rise to ICMEs at Earth based on the conclusions of our previous studies [e.g., Rzchardson and Cane, 1993; Cane and Rzchardson, 1995; Cane et al., 1997, 20001 . At times of high activity, there may be several wide CMEs with reasonable locations reported prior to an ICME so that it is difficult to relate the ICME to a specific CME. In these, and other doubtful cases, the time of the most likely associated CME is noted and followed by a '?'. The ChlE properties we have used here are from the S. Yashiro and G. hiichalek catalog available from the World Wide Web at http://cdaw.gsfc.nasa.gov/ChlE-list/. We have also referred back to the original LASCO observer reports since these are of value in indicating the general location of the related solar activity or whether the event was likely to be back-sided and therefore of little interest for relating with in-situ observations a t Earth. Although we have focused on wide CMEs, we recognize of course that there are many more narrower CMEs observed by LASCO. However, our expectation is that these CMEs are unlikely to be related to ICMEs at Earth. Another point to note is that although we have attempted to isolate individual ICMEs, it is possible that some events are conglomerations of ICMEs from multiple solar injections or, conversely, a series of events may be multiple encounters with a single ICME. However, we doubt that either of these situations occurs very often because, as discussed below, the relative change in IChlE rate from solar minimum to maximum is similar to that in the CME rate. In Table 1 we indicate by 'e' in the final column a small number of ICME periods that probably resulted from multiple CklEs (cf. Burlaga et al. [2002] ).
In making the CME-IChlE associations, we have found a good correlation between the maximum solar wind speed observed in situ at 1 AU in the sheath or IChIE (V,,,) and the transit speed (VT) of the disturbance driven by the IChIE to 1 AU for those events with a confident association ( Figure  1 ). (A similar result has been previously obtained by Clzver et al. [1990] .) In cases where the ChIE-ICME association is more uncertain, this relationship can be used to indicate whether a particular association is at least plausible. For example, Figure 1 suggests that an IChlE associated with V, , , = 500 km/s is unlikely to be associated with a solar event < 42 hours earlier that would require a transit speed above N 1000 km/s. Note that the transit speed is generally higher than V,,, (the dashed line indicates VT = V,,,), implying that the disturbances decelerate en route to 1 AU. Furthermore, this deceleration is greater for higher transit speeds, consistent with the results of previous studies [e.g., Woo et d. 19851 . For lower speed events, the transit and insitu speeds are more comparable and similar to typical solar wind speeds (N 400 km/s), consistent with their convection with the solar wind. Although it is possible to infer ICME acceleration rates and initial speeds as a function of V,,, or transit speed from the results in Figure 1 by making a simple assumption such as a constant acceleration/deceleration rate in the solar wind [e.g., Gopalswamy et al., 20011, since such an assumption is questionable, we have not pursued this further.
Occurrence Rates
As might be expected, the yearly number of ICMEs increases with solar activity levels. During solar minimum conditions in 1996, only four IChlEs were identified, compared with 53 in 2000 and 47 in 2001 (see Table 2 ). Thus, the ICME rate increased by about an order of magnitude from None every 3 months a t solar minimum to None per week a t solar maximum. These are average rates. At times of exceptionally high activity such as in May 1998, July 2000 or April 2001, the rate increases to several ICkiEs/week (e.g., 5 ICMEs were observed between July 11-18. 2000). Burlaga et al. [1984] and Clzver et al. [1987] have discussed the consequences of such systems of transient flows passing the Earth during previous solar cycles. The decrease in the ICME rate in 1999 was noted in our previous study that only extended to this time [Cane et al., 20001 . The rate increased again in the subsequent two years. A decline in the fraction of CMErelated solar wind at Earth in 1999 is also evident in Figure   3 of Rzchardson et al., (20021, together with a compensating increase in the contribution from corotating high-speed streams originating in low-latitude coronal holes, which were particularly prominent in 1999 [e.g., Luhmann et al., 20021. Thus, the temporary decline in the ICME rate a t Earth is associated with a restructuring of the near-ecliptic solar wind. Figure 2a shows the variation in the ICME rate during 1996-2002 in greater detail, specifically the number of ICMEs at Earth/Carrington rotation (CR) expressed as a 3-rotation running mean. The main increase in the ICME rate, to N 2 -3/CR, commenced early in 1997 and extended through this year. Overall, the rate has not varied greatly from this value during solar maximum, with the exception of short intervals, typically of N 3 rotation duration, when the ICME rate was enhanced due to major solar activity, as mentioned above. In addition, there is a decrease in the ICME rate to N 1 -2/CR during much of 1999 and a short duration decrease in late 2000-early 2001. A typical rate of 3 ICMEs/CR around solar maximum represents N 3% of the LASCO CME rate near maximum of -4/day (0. C. St Cyr, private communication. 2002) . I t is also an order of magnitude higher than the ICME rate during 1996 at solar minimum (-0.3 IChlEs/CR), which is N 2% of the LASCO ChIE rate during this year (0.63/day [St. Cyr et al., 20001) .
To compare the variations in the ICME rate with a measure of solar activity levels, Figure 2b shows the solar 10 cm flux recorded by the Dominion Radio Astrophysical Observatory. Note the two maxima, during the first half of 2000 and second half of 2001. (The smoothed sunspot number also shows two maxima but the peak in April 2000 was slightly higher relative to the peak in November 2001 than in the 10 cm flux.) Assuming that our ICME rate is proportional to the ChIE rate, it can be seen that the rate does not follow the solar activity quite as closely as suggested by the work of Webb and Howard [1994] . The most significant difference is the reduction in 1999 which is not matched by a similar decrease in the 10 cm flux. The observations for 2002 show evidence for the expected reduction in the ICME rate as the solar cycle declines, the 3-rotation mean rate never exceeding 3 ICMEs/CR.
An interesting feature of Figure 2a is the suggestion of periodicity in the intervals of enhanced ICME rate. A Lomb frequency analysis of the (unsmoothed) CME rate for 1996-November 2002 indicates a dominant, statistically significant component with a period of 164.7 days. This period is particularly interesting since it is close to the "154-day'' periodicity identified in various solar phenomena during previous solar cycles (see Cane et al. [1998b] and references therein). The apparent periodicity in the ICME rate suggests that the fundamental periodicity at the Sun identified in previous solar cycles is present in the current cycle, as also noted in energetic particle intensities a t 1 and 5 AU in 1998-99 by Dalla et al. [2001] . Table 2 The mean speed shows a -100 km/s increase from solar minimum to maximum. This increase is also evident in Figure 4b of Richardson et al. [2002] which, however, suggests that this trend may be specific to cycle 23 since the previous two solar cycles show instead a temporary minimum in mean ICME speeds near solar maximum. The transit speed of the associated disturbance is also ordered by the phase of the solar cycle in that there were only 3 shocks with transit speeds above 1000 km/s during the N 4.5 years before solar (smoothed sunspot) maximum (April 2000) versus 11 thus far in the first -2.5 years after maximum (Figure 3) . It is such fast shocks that are responsible for large >10 MeV particle events [Cane et al., 19881. Average magnetic field strengths in individual ICMEs varied from 3 to 39 n T with a mean value of 9.9f0.3 nT. There is a slight decrease in average fields from minimum to maximum. This is primarily related to the fact that the fraction of magnetic clouds decreased towards maximum. The average ICME size in the radial direction (the product of the duration and average speed) was 0.33*0.01 AU. For those events (typically the more energetic) that we could associate with a solar event (usually an H a flare), the longitudes were predominantly within *50° of central meridian, as shown by the 'source' longitude distribution in Figure 4 . This result suggests that IChlEs associated with the more energetic solar events have angular extents of up to N loo", as previously inferred by Rzchardson and Cane [1993] . An interesting feature of the distribution is the occasional presence a t Earth of IChlEs from far western regions but not from far eastern regions. A similar asymmetry in the source longitude distribution was found by Cane [1988] for bidirectional suprathermal electron strahls (which, as noted above, may be indicative of IChIEs) in cycle 21, suggesting that this is a general feature. A possible explanation for the asymmetry in Figure 4 (see also Figure 3a of Wang et al. [2002] ) is that some CMEs preferentially occur to the east of the active region where the associated flare occurred (i.e., the flare is not necessarily centered beneath the ChlE). This has a natural explanation in terms of differential rotation, which causes shearing and eastward motion of erupted magnetic flux in both hemispheres of the Sun.
Average Properties of ICMES

Solar-terrestria1 relations
There has been much emphasis in recent years on the relationship between CMEs of large angular extent observed by LASCO that appear to be moving towards or away from the Earth approximately along the Sun-Earth line (i.e., halo CMEs) and the effects of the associated IChlEs when they arrive a t Earth about two days later [e.g., St. Cyr et al., 2000; Webb et al., 2000) . However, as we have noted previously [Cane et ai.: 20001 , there is certainly not a simple oneto-one relationship between large CMEs (with associated frontside solar activity) and ICMEs observed subsequently at Earth. We concluded that in 1996-1999, about a third of the ICMEs detected at Earth were not preceded by a >140" CME evident in LASCO observations. In Table 1 it is evident that we cannot associate many of the ICMEs with large CMEs. In some cases this is because there were no LASCO observations around the probable time that the related CME might have occurred (indicated by "dg" ). We conclude that a significant fraction, about a half. of the ICMEs detected at Earth do not have a probable association with a large CME observed by LASCO. Cane et al. [2000] also found that only about half of the frontside >140" width CMEs observed by LASCO subsequently encountered the Earth. For the additional years of the current study (2000 and 2001) , we find that even if only those events which surround the Sun are considered (i.e., full halo events with angular extents of 360°), the fraction is only about 39%. This contrasts with the situation in 1997 when all the frontside full halo CMEs resulted in the detection of ICMEs near Earth (see also Zhao and Webb [2002] ). We suggest that when the corona is close to its solar minimum configuration, 360" coronagraph events result from ChlEs directed at (or away from) the Earth as is commonly assumed. However later in the solar cycle (approaching and during solar maximum), the corona is much more complex and coronagraph observations may include more contributions from other phenomena such as streamer deflections [ e g , Sheeley et al.. 20001 that give rise to features surrounding the Sun even when the associated ChIE is not directed a t the Earth.
In Figure 5 we compare the disturbance transit speeds to 1 AU with the speeds of the associated ChlEs. Although the CME speeds are projected against the plane of the sky and do not represent the true Earthward-directed speeds of the ChIEs, there is nonetheless some degree of correlation as we have noted previously [Cane et al., ZOOO] . The upper envelope of the distribution is given approximately by V,, = 400 + 0 . 8 V c~~ (this defines the minimum transit time for a given CME speed) while the lower envelope is approximately Vt, = 0 . 3 7 V c n f~. The observed transit speeds do not fall below -400 km/s. Given the considerable scatter among the data points however, it seems unrealistic to expect that the transit speed for a given CME speed can be predicted precisely. Note that we consider here the disturbance speed because this corresponds to the earliest time when a CME may produce a disturbance at Earth. Gopalswamy et al. [ZOOO, 20011 have developed an empirical model to predict ICME arrival times based on LASCO CME speeds. For CME speeds below -700 km/s, an ICME transit time to 1 AU of -4.3 days (corresponding to a transit speed -400 km/s) that is independent of ChfE speed is predicted (see Figure 6 of Gopalswamy et al. [2001] ). The observations in Figure 5 suggest that the dzsturbance transit speeds range over w 400 -800 km/s for similar CME speeds. Thus, the Gopalswamy et al. [2001] -4.3 day prediction should not be assumed to give (and generally overestimates) the time taken for relatively slow CMEs to produce effects at Earth.
In Table 1 , we have recorded the size of the geomagnetic disturbance caused by each IChlE and/or its associated 'sheath' as measured by the minimum value of the Dst index. Figure 6 shows the distribution of the values for minimum Dst as a function of time, with magnetic cloud events represented by filled circles. The solar cycle dependence of the relative occurrence of magnetic clouds noted above is readily apparent, being more dominant in 1996-97 than in later years. Although some large storms are caused by ICMEs that are not magnetic clouds, relative to their overall numbers, magnetic clouds are responsible for a disproportionate fraction of the largest storms! most likely because by definition, they include stronger than average fields, as well as large rotations in field direction which may give rise to intervals of southward magnetic fields that drive geomagnetic activity. Another feature of Figure 6 is the general absence of strong storms in 1999. In addition to there being fewer ICMEs in this year, their magnetic field strengths were also on average weaker (see Table 2 ). This helps to account for the slightly lower fraction (50%) of the full halo CMEs which impacted the Earth that produced strong storms (Dst<-50) in this year compared with -80% in other years. Finally, we note the tendency for the strongest storms to occur following solar maximum.
Summary
We have prepared a comprehensive list of ICblEs recorded near Earth during the period 1996 through November 2002. We find that:
(a) The rate of ICMEs increased by about an order of magnitude from solar minimum to solar maximum but only approximately followed solar activity variations as indicated by the 10 cm flux (or sunspot number). The IChIE rate is -3% of the ChIE rate observed by LASCO; (b) The fraction of ICMEs that have well-organized, fluxrope-like magnetic field structures (magnetic clouds) decreased from -100% at solar minimum to w 15% around solar maximum and may be recovering as activity declines. Relative to their numbers, magnetic clouds are responsible for a disproportionate fraction of major geomagnetic storms.
(c) The fastest disturbances and strongest geomagnetic storms related to ICMEs tend t o occur after solar maximum;
(d) The vast majority of energetic ICMEs originated from solar events located within -50" of central meridian. However. there is an asymmetry in the source region distribution suggesting that sometimes CMEs form or propagate to the east of the associated active region; (e) The ICME rate shows a -165-day periodicity that may be consistent with the .'-154-day'' periodicity previously reported in various solar data sets. a The time of the associated SC when present. Otherwise, 'A' indicates the time of shock passage at ACE. If no shock or SC is reported, the estimated arrival time of the disturbance (which in some cases is also the IChIE leading edge) is given to the nearest hour.
The quality of the boundary times ('1' indicating the most reliable). The SC size is the mean horizontal component for mid-latitude stations (from reports in Solar-Geophyszcal Data). 'H' indicates that the ChlE had a 360' angular extent (i.e, halo ChIE). '?' indicates that the CME association may be doubtful. Times in brackets indicate associated solar events during an interval with no coronagraph coverage. 'dg' indicates that there was a LASCO data gap around the expected time of the associated ChIE.
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